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Specification 

1 . Title of the Invention: WELDING CURRENT CONTROL DEVICE FOR AN ARC WELDING 

MACHINE 

2. Scope of Patent Claims 

(1) A welding current control device for an arc welding machine that compares the welding current and a 
preset value and controls feedback such that the welding current is maintained at said preset value, 
comprised of: 

a 1 st rectifying circuit that rectifies alternating current input; 

an inverter that converts the rectified direct current into a high frequency alternating current 
voltage; 

a high frequency transformer that converts the high frequency alternating current voltage that is 
outputted from said inverter into a prescribed low voltage; 

a 2 nd rectifying circuit that rectifies the voltage that is outputted from said high frequency 
transformer, and; 

a feedback control circuit that controls said inverter, 
said feedback control circuit equipped with: 

an assessment circuit that compares the welding current and preset values, and; 
a drive time control circuit that drives said inverter for time Tx and generates a high frequency 
alternating current voltage from the inverter,stops the inverter for time Ty, and controls the 
inverter by alternately repeating such driving* and stopping, and also controls the ratio of the drive 
time Tx and the stop time Ty of said inverter based on output signals from said assessment circuit. 

(2) A welding current control device for an arc welding machine that compares the welding current and a 
preset value and controls feedback such that the welding current is maintained at said preset value, 
comprised of: 

a 1 st rectifying circuit that rectifies alternating current input; 

an inverter that converts rectified direct current into a high frequency alternating current voltage; 
a high frequency transformer that converts the high frequency alternating current voltage that is 
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outputted from said inverter into a prescribed low voltage; 

a 2 nd rectifying circuit that rectifies the voltage that is outputted from said high frequency 
transformer, and; 

a feedback control circuit that controls said inverter, 
said feedback control circuit equipped with: 

an assessment circuit that compares the welding current and preset values; 
a drive time control circuit that drives said inverter for time Tx and generates a positive and 
negative pulse voltage from the inverter, stops the inverter for time Ty, and controls the inverter 
by alternately repeating such driving and stopping, and also controls the ratio of the drive time fx 
and the stop time Ty of said inverter based on output signals from said assessment circuit, and; 
[Continued on the next page] 
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[Continued from the previous page] 

a pulse number control circuit that controls generation timing of the positive and negative pulse 
voltage that is outputted from said inverter and aligns the numbers of the positive pulse voltage 
and the negative pulse voltage. 

(3) A welding current control device for an arc welding machine according to Claim 2, wherein the 
feedback control circuit includes a base pulse width determination circuit that controls the inverter such that 
the high frequency alternating voltage that is outputted from the inverter forms positive and negative pulse 
voltage, controls the pulse width of said pulse voltage, and adjusts the welding current rising properties. 

3. Detailed Description of the Invention 

The present invention relates to a welding current control device for an arc welding machine. In particular, 
the present invention relates to a device that holds welding currents at constant values using feedback 
control. 

The arc stability of direct current arc welding machines is generally better than that of alternating current 
arc welding machines, and they are therefore widely used. Conventionally, the rectification type device 
shown in Figure 1 is well known as a current control device for this direct current arc welding machine. In 
this figure, (la), (lb), and (lc) are input terminals for the 50 or 60Hz 3-phase line input (1), and (2) is a Y- 
? shaped 3-phase transformer. (3) is a 1 st rectifying circuit formed by bridging diodes, for example and (4) 
is a switching power transistor (called S.P.TR hereafter). (5) is a filter reactor, (6) is an electrode, a!nd (7) is 
a welding parent metal. (8) is a flywheel diode that continuously flows current into filter reactor (5) when 
the S.P.TR (4) is off, and (9) is a current detector such as a shunt that detects signal V fl , which corresponds 
to the welding current. (10) is a comparator that controls the on/off status of the S.P.TR (4), and (12) is a 
smoothing condenser. Moreover, the output of comparator (10) becomes 0 when the detector signal V a is 
higher than the preset value V ref and 1 when it is lower than the preset value V ref . 

The operations of a current control device for an arc welding machine having such a structure will be 
explained hereafter. After 3-phase line input (1) is converted into a low voltage with 3-phase transformer 
(2), it is converted into direct current by the 1 st rectifying circuit (3) and smoothing condenser (12) The 
converted direct current is chopped with the S.P.TR (4), and direct current output is fed to a load comprised 
of electrode (6) and welding parent metal (7) through filter reactor (5). The output of comparator (10) that 
determines the on/off status of S.P.TR (4) becomes 0 and turns the S.P.TR off if the detector signal V a from 
current detector (9) is higher than the preset value V ref , and it becomes 1 and turns the S.P.TR on if the 
detector signal V a is lower than the preset value V ref . Consequently, by applying a hysteresis to comparator 
(10), it is possible to feed a direct current welding current having a constant ripple to the welding load 
comprised of electrode (6) and welding parent metal (7), and it is also possible to maintain this welding 
current at a preset value. 

However, as described above, the input frequency of 3-phase transformer (2) is a low frequency of 50 or 
60Hz in the conventional device, so it has the shortcoming that the weight of 3-phase transformer (2) 
becomes quite large. 

The present invention was created in order to eliminate such shortcomings of conventional devices, and it is 
a device that reduces the weight of transformers by rectifying 3-phase line input as transformer input, 
converting it into direct current, and then feeding a pulse voltage that has been converted to a high 
frequency voltage by an inverter. Furthermore, the present invention provides a current control device for 
an arc welding machine that is able to prevent magnetization by aligning the numbers of the positive pole 
pulses and the negative pole pulses of the pulse voltage that is inputted into the transformer, and is able to 
obtain low-ripple welding currents by changing the pulse width of the output voltage using the load. The 
present invention will be described in detail hereafter using embodiments. 
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Figure 2 is a circuit diagram showing one embodiment of the welding current control device for an arc 
welding machine of the present inventioa In this diagram, (13a), (13b), (13c), and (13d) are S.P.TRs that 
are bridged to form a full bridge inverter, and (14) is a high frequency transformer that converts the output 
pul$e voltage of said inverter (13) into a low voltage. (15) is a 2 nd rectifying circuit that is formed from 
diodes (15a) and (15b) and rectifies the output of high frequency transformer (14). [Continued on the next 
page] 
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[Continued from the previous page] (16a), (16b), (16c), and (16d) are feedback diodes that return the 
electromagnetic energy of the leakage inductance (17) of high frequency transformer (14) to smoothing 
condenser (12) when all of said S.P.TRs (13a), (13b), (13c), and (13d) are off. (18) is a base circuit that 
drives said S.P.TRs (13a), (13b), (13c), and (13d), and (19) is a feedback control circuit. The feedback 
control circuit (19) described above is comprised of detector signal assessment circuit 20, which is formed 
from comparator (10), and base pulse width determination circuit (21) is comprised of pulse width 
modulation circuit (22), which configures the pulse width based on the output signal V, from this base 
pulse width determination circuit (2 1), and inverter control circuit (23), which adjusts the times Tx and Ty 
of the welding pulse voltage V„ (described below) based on the output signal V 3 from comparator (10) 
described above, and controls inverter (13) so as to align the numbers of the positive pole pulses and 
negative pole pulses of the input voltage V 9 of transformer (14). 

First, the basic operation of the welding current control device for an arc welding machine of the present 
invention will be explained using the time charts shown in Figure 3 (a) - (c). 

In the present invention, a pulse voltage such as that shown in Figure 3 (a) is supplied as welding voltage 
Vo, and the time Tx in which the pulse train is generated (the drive time of the inverter) and the time Ty in 
which the pulse tram is removed (the stop time of the inverter) are alternately established fortius pulse 
voltage Vo. Due to such a pulse voltage V 0 , welding current io rises during the pulse train generation time 
Tx, as shown m Figure 3 (b), and it fluctuates and falls during the pulse train removal time Ty 
Accordingly, the present invention changes the ratio of time Tx and time Ty in pulse voltage V 0 shown 
Figure 3 (a), changes the average current Iq of the welding current io, and holds it at a preset value In this 
case, m order to form the pulse voltage V 0 , inverter control circuit (23) controls inverter (13) based on the 
output signal V 5 of comparator ( 10). As shown in Figure 3 (c), the pulse voltage V 9 comprised of positive 
and negative poles is thus generated, and this voltage V 9 is fed to the primary side of high frequency 
transformer (14). Specifically, the average current Io is adjusted by controlling the pulses of the above 
V °J?^ Y 9 and con t«>lling the above times Tx and Ty. Furthermore, in order to prevent the magnetization 
of high frequency transformer (14) in the present invention, inverter control circuit (23) operates to align 
the positive and negative voltage time products of the voltage V, that is applied to the primary side of high 
frequency transformer (15). In other words, as shown in Figure 3 (c), it aligns the numbers of positive and 
negative pulses of the pulse voltage V 9 . 

As shown in Figure 4, for example, the inverter control circuit (23) described above is comprised of drive 
time control circuit (24) that controls the times Tx and Ty, pulse number control circuit (25) that aligns the 
numbers of positive pole pulses and negative pole pulses, and output circuit (26), which alternately outputs 
pulses of signals V 6 and V 7 and drives the base circuit (1 8) shown in Figure 5. 

The drive time control circuit (24) described above is comprised of (A) AND circuit (28), in which the gate 
is opened and pulse signal V 2 is outputted from pulse width modulation circuit (22) when the output, signal 
V 4J of output terminal Q of flip-flop (27) is 1, and the gate is closed when the above signal V 4J is 0 (B) 
AND circuit (31) that takes the AND of output signal V 5 from comparator (10) and the trigger pulse signal 
obtained by differentiating the above pulse signal V 2 . with differentiation circuit (30), (C) flip-flop circuit 
(27) that is set by the output signal V*, of this AND circuit (3 1) and reset by the output signal V*, from 
AND circuit (32), (D) flip-flop (35), which is reset by the inverted output signal V 4 , of this flip-flop (27) 
and set by the trigger pulse signal V 42 that is obtained by inverting the above signal V 5 with NOT circuit 
(33) and then differentiating with differentiation circuit (34), and feeds the output signal V J3 to the above 
AND circuit (32), and (E) flip-flop (38), which is set by output signal V« and reset by the trigger pulse 
signal V,, that is obtained by inverting output signal V 7 with NOT circuit (36) and then differentiating with 
differentiation circuit (37). 
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The pulse number control circuit (25) described above is comprised of flip-flop (41), which is reset by 
output signal V 5 | of differentiation circuit (37) and set by trigger pulse signal V 52i which is obtained by 
inverting output signal V 6 with NOT circuit (39) and differentiating with differentiation circuit (40). 
Moreover, signal V 48 of output terminal Q of this flip-flop (41) is fed to one of the input sides of AND 
circuit (42) of output circuit (26), and signal V 47 of output terminal Q is fed to one of the input sides of 
AND circuit (43). Output signal V 46 of the above AND circuit (28) is fed to the other input sides of AND 
circuits (42) and (43). 

Output signal V 6 from output circuit (26) is fed to driver circuits (18a) and (18b), which form the above 
base circuit (18), as shown in Figure 5. At this time, signals V 6b and V& are outputted from driver circuits 
(18a) and (18b), the S.P.TRs (13b) and (13c) of inverter (13) are turned on, and either positive pole or 
negative pole pulses are thereby obtained. Moreover, output signal V 7 is fed to driver circuits (18c) and 
(18d). At this time, signals V 7a and V 7d are outputted from driver circuits (18c) and (18d), the S.P.TRs (13a) 
and (13d) of inverter (13) are turned on, and pulses that are opposite of the above pulses are obtained. In 
this way, positive pole and negative pole pulses are generated from inverter (13) with signals V 6 and V 7 , 
respectively, as shown in Figure 3 (c). 

The operation of the inverter control circuit (23) shown in Figure 4 will be explained hereafter using the 
time charts shown in Figure 6 (a) ~ (p). 

The gate of AND circuit (28) of drive time control circuit (24) is opened when output signal V 45 of flip-flop 
(27) is 1, so during this time, pulse signal V 2 , which is outputted from pulse width modulation circuit (22) 
as shown in Figure 6 (a), is outputted through this AND circuit (28). On the other hand, the gate is closed 
when output signal V 45 of flip-flop (27) is 0, so pulse signal V 2 is then no longer outputted from AND 
circuit (28). Therefore, as shown in Figure 6 (c), output signal V 46 of AND circuit (28) is a signal 
comprised of a part in which the pulse train is formed across time Tx in which signal V 45 is 1 and a part in 
which the pulse train is removed along time Ty in which signal V 45 is 1. Moreover, output signal V 45 of 
flip-flop (27) becomes 1 when the rising of signal V 2 overlaps with intervals in which signal V 5 is 1 . In 
other words, output signal V 43 of AND circuit (31) becomes 1 when signal V 2 rises from 0 to 1 and signal 
V 5 becomes 1, and the flip-flop (27) is thus set and a signal V 45 with a value of 1 is outputted from its 
output terminal Q. Moreover, the above signal V 45 becomes 0 with the first fall of signal V 7 after signal V 5 
becomes 0. In other words, when signal V 5 becomes 0, flip-flop (35) is set and its output signal V 50 
becomes 1. On the other hand, output signal V 5 i with a value of 1 is outputted from differentiation circuit 
(37) with the fall of signal V 7 . Flip-flop (38) is thereby reset, and signal V54 with a value of 1 is outputted 
from output terminal Q of this flip-flop (38). Accordingly, output signal of AND circuit (32) becomes 
1, flip-flop (27) is reset, and output signal V 45 of its output terminal Q becomes 0. Moreover, flip-flop (38) 
is set by the rising of signal V 6 , so its output terminal Q becomes 0. An even number of pulses of signal V 46 
in time Tx, in which said signal V 45 is 1, is alternately outputted with the operation of output circuit (26) 
(described below) as signals V 6 and V 7 , so the pulse voltage V 9 shown in Figure 3 is outputted from , 
inverter (13) due to the operation of the base circuit (18) described previously. In other words, during time 
Tx, inverter (13) is activated and outputs a positive pole and negative pole pulse voltage. Inverter (13) is 
stopped and a pulse voltage is not generated during time Ty in which signal V 45 is 0 (refer to Figure 3 (c)), 
and a welding voltage V 0 having the waveform shown in Figure 3 (a) is thereby obtained. In this case, the' 
time Tx in which signal V 45 is 1 is established according to the time Tx in which output signal V 5 is 1, so as 
a result, the ratio of times Tx and Ty is adjusted based on output signal V 5 . 

Pulse number control circuit (25) will be described next. [Continued on the next page] 
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[Continued from the previous page] If output signal V 47 of flip-flop (41) is 1 and output signal V 48 is 0, the 
gate of AND circuit (43) is opened and 1 pulse of signal V« is outputted from AND circuit (43) to form 
output signal V$. Moreover, the gate of AND circuit (42) is closed. At this time, pulse signal V52 is 
outputted from differentiation circuit (40) at the point in time in which the single pulse described above 
falls. Flip-flop (41) is inverted, and output signal V 47 is inverted to 0 while output signal V 48 is inverted to 
1. The gate of AND circuit (43) is then closed and the gate of AND circuit (42) is opened, so the next pulse 
of signal V 46 is outputted from AND circuit (42) to form output signal V 7 . In this way, pulse number 
control circuit (25) operates to alternately sort the pulses of output signal of AND circuit (28) into AND 
circuits (43) and (42). Accordingly, as shown in Figure 6 (h) and (i), output signals V 6 and V 7 start with the 
pulses of signal V 6 and end with the pulses of signal V 7 , and they form an equal number of pulses that are 
alternately outputted. In the embodiment described above, the numbers of pulses of signal V$ and signal V 7 
that are outputted when signal V 45 is 1 are controlled such that they are in agreement, but it is also possible 
to alternately output signal and signal V 7 in any case in order to align the total positive and negatives 
pulse numbers with an arbitrary synchronized period. 

The operations of base pulse width determination circuit (21) and pulse width modulation circuit (22) will 
be described hereafter. As described above, the generation of magnetization- will cease if the pulse numbers 
of signal V6 and signal V7 are aligned. However, as shown in Figure 7 (a), even if detector signal V a 
(proportional to welding current i<,) exceeds the preset voltage V^f, detector signal V a increases by exactly 
time T M) so a waste of time is generated. In other words, when pulse Yg a is generated in Figure 7 (b), even 
if detector signal V a exceeds the preset voltage V rc f at the time to, the output V 5 of comparator (10) 
effectively becomes 0 at this time, as shown in Figure 3 (c). However, pulse Vg b , which is the opposite of 
the pulse V 9a , is necessarily outputted as a result of pulse number control circuit (25), so detector signal V 8 

- in other words, the welding current io - further increases, and it finally begins to fall after time T M has 
elapsed. Here, in order to reduce the excess quantity - in other words, the increase V L shown in Figure 7 (a) 

- either the frequency of base pulse V 2 should be increased, or the slope of the rising characteristic curve A 
of the welding current shown in Figure 7 (a) should be made small. Because the frequency of base pulse V 2 
is limited by the properties of the switching element, it is effective to reduce to slope of the aforementioned 
characteristic curve A. In order to make the slope of this characteristic curve A small, either the inductance 
of the filter reactor (5) shown in Figure 2 should be increased, or the average value of voltage V 0 during the 
pulse train generation time Tx shown in Figure 3 (a) should be reduced. The former has the problem that 
the weight of filter reactor (5) increases. In order to reduce the average value of voltage V 0 during the time 
period Tx in Figure 3 (a), the ratio of the pulse generation period T 0 and the pulse width Ton shown in 
Figure 3 (a) should be changed. The aforementioned base pulse width determination circuit (21) that is 
concretely shown in Figure 8 realizes this. In Figure 8, the preset value V ref is amplified with amplifier 
(21a), a prescribed value is added with adder (21b), and output voltage Vi is generated. Pulse width 
modulation circuit (22) outputs as signal V 2 pulses with pulse widths corresponding to the size of this 
output voltage V u so it is possible to adjust the time T 0 n of voltage V 0 shown in Figure 3 (a). Moreover, the 
size of the welding arc voltage can be predicted if the welding arc current io can be known, so by 
establishing in advance amplifier (21a) and a prescribed value Vsct such that the difference between the 
average value of voltage V 0 during the period of Tx shown in Figure 3 (a) and the welding arc voltage does 
not become too large, it is possible to reduce the amount of unproductive increase V L shown in Figure 7 (a), 
and as a result, it is possible to reduce the ripples of the welding arc current io. The effects of the base pulse 
width determination circuit (2 1) are concretely shown in Figure 9 (a) and Figure 10 (a) and (b). Figure 9 
shows the operating characteristics of the case in which the time T 0 n shown in Figure 3 (a) is always made 
constant without using base pulse width determination circuit (2 1), and Figure 10 shows the operating 
characteristics of the case in which the time Ton is shortened after the time t at which the preset value V re f 
is reduced using base pulse width determination circuit (17). By reducing the slope of the welding current 
rising characteristic curve in this way, the pulse width Ton of welding voltage V 0 becomes small, 
[continued on the next page] 
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[Continued from the previous page] and its average value also becomes small, so it is possible to reduce the 
aforementioned amount of unproductive increase Vl. 

A full bridge type inverter is used for the inverter in the above embodiment, but a half bridge type or a 
center tap type inverter may also be used. Moreover, transistors are used as the switching elements that 
form the inverter in the above embodiment, but GTOs, FETs, or SITs may also be used. 

Furthermore, the pulse number control circuit is not limited to the circuit shown in Figure 4, and any circuit 
would be suitable as long as it is a circuit that aligns the positive and negative numbers of voltage pulses of 
voltage V 9 shown in Figure 3 (c). Moreover, even if it is a circuit that does not align the positive and 
negative numbers of voltage pulses of voltage V 9 during the time Tx shown in Figure 3 (a), but rather 
aligns the positive and negative numbers of voltage pulses of voltage V 9 as a whole as shown in Figure 1 1 
(a) - in other words, across an arbitrary time period - it is possible to maintain detector signal V a - that is, 
the welding current io - at a preset value as shown in Figure 1 1 (b), and it is also possible to prevent 
magnetization. 

As described above, the welding current control device for an arc welding machine according to the present 
invention makes it possible to increase the primary side frequency of an isolating transformer with an 
inverter, so the size and the weight of the isolating transformer are significantly reduced. Furthermore, it 
aligns the positive and negative numbers of the pulse voltage that is inputted into the transformer, so it is 
possible to prevent the magnetization of the transformer. In addition, the present invention makes it 
possible to control the pulse width of the welding voltage, so it also has the effect that it is possible to 
dramatically reduce the ripples of the welding current. 

4. Brief Description of the Drawings 

Figure 1 is a circuit diagram showing an example of a conventional welding current control device for an 

arc welding machine. Figure 2 is a circuit block diagram showing an embodiment of the welding current 

control device for an arc welding machine according to the present invention. Figures 3 (a) ~ (c) are time 

charts for the purpose of explaining the principle of operation of the current control of the present 

invention. Figure 4 is a circuit diagram that shows in detail an example of the pulse control circuit shown in 

Figure 2. Figure 5 is a circuit diagram showing the details of the base circuit shown in Figure 2. Figure 6 is 

a time chart for the purpose of explaining the operation of the pulse control circuit shown in Figure 4. 

Figure 7 is a voltage waveform diagram showing the current ripple generation principle in an embodiment 

of the welding current control device for an arc welding machine according to the present invention. Figure 

8 is a diagram showing a concrete example of the base pulse width determination circuit shown in Figure 2. 

Figures 9 and 10 are voltage waveform diagrams showing the differences between the case in which the 

base pulse width determination circuit shown in Figure 2 is not included and the case in which it is 

included. Figures 1 1 (a) and (b) are diagrams for the purpose of showing the voltage state of each part in 

the case in which the pulse control circuit shown in Figure 2 is implemented with another method. . 

(1). . . 3-phase input (3). . . 1 st rectifying circuit 

(5)... filter reactor (6)... electrode 

(7). . . welding parent metal < (8). . . flywheel diode 

(9).., current detector (10)... comparator 

V re f. . . preset voltage value (12). . . smoothing condenser 

(13). . . inverter (14). . . high frequency transformer 

(15)... 2 nd rectifying circuit (18)... base circuit 

(19)... inverter control circuit (20)... detector signal assessment circuit 

(21). .. base pulse width determination circuit (22). . . pulse width modulation circuit 

(23)... pulse control circuit (24)... pulse train control circuit 

(25). . . pulse switching circuit (26). . . output circuit 

Identical symbols in each figure represent identical or equivalent parts. 
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Figure 4 


26 Output circuit 


[see source for figures] 

36 Pulse number control circuit 

37 Differentiation circuit 40 Differentiation circuit 
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Amendment (Voluntary) 

Date: Year/Month/Day 
(Approved) 

Director General of the Patent Office 

1. Case Indication 

Patent Application S58-96249 

2. Title of the Invention 

WELDING CURRENT CONTROL DEVICE FOR AN ARC WELDING MACHINE 


Patent Applicant 
Mitsubishi Electric Corporation 
2-2-3 Marunouchi, Chiyoda-ku s Tokyo-to 
Representative: Nihachiro Katayama 

4. Representative 

Name (7375) Patent Attorney Masuo Ooiwa [seal] 

Address 2-2-3 Marunouchi, Chiyoda-ku, Tokyo-to 

Contact Information: [03-2[illegible]3-342 1] Patent Department 
(Patent Office) [seal] 

5. Object of Amendment 

"Detailed Description of the Invention" section 

6. Contents of the Amendment 

(1) Change the passage that reads "takai kito" [typo] on the 15 th line of the 4 th page of the 
Specification to read "takai toki" [when it is high]. 

End 
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Relationship to Case 
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Address 
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